and GST-FHA/BRCT were generated by PCR using appropriate oligonucleotide primers and cloning between the EcoRI and XhoI (in case of GST-FHA and GST-FHA/BRCT) or BamHI and XhoI (in case of GST-BRCT) sites of pGex5X3. The expression vector for GST-Nbs1-CT (amino acids 572-754) has been described (Yuan et al., 2007) . The expression vector for Flag-tagged human Rad50 was obtained from M.F.Lavin (Gatei et al., 2011) . The expression vector for Flag-Mre11 was obtained from M. Meuth (Wen et al., 2008) . Transient transfection of plasmid DNAs into QT6 fibroblasts was performed by calcium phosphate co-precipitation.
An expression vector for HA-GSK3β was obtained from J. Woodgett (He et al., 1995) . A GST-GSK3β expression vector was constructed by cloning the full-length coding region of GSK3β into pGEX-6p-2.
Repair Assays. Repair assays for homologous recombination (HR) and non-homologous end-joining (NHEJ) were performed as described (Pierce et al., 1999; Bennardo et al., 2008) .
The assay for HR, is based on HEK293T cells stably transfected with the pDR-GFP reporter ! 3! construct, which carries two mutant GFP genes, one of which contains a cutting site for the Sce1 nuclease. A DSB in this gene is repaired by HR between the two GFP mutant genes, resulting in the restoration of a functional GFP gene and the expression of GFP proteins. The NHEJ assay was carried out using the EJ5-GFP reporter (Bennardo et al., 2008) min. After removing the cover-slip the slides were incubated for 2 to 24 h in lysis buffer (10 mM Tris-HCl, pH 10.0; 2.5 M NaCl, 100 mM EDTA, 1% TritonX-100). The sildes were then transferred to a cooled electrophoresis chamber and incubated on ice in electrophoresis ! 4! buffer (300 mM NaOH; 1mM EDTA) for 20 min before electrophoresis was started. After electrophoresis the slides were incubated in neutralization buffer (0.4 M Tris-HCl, pH 7.5) for 10 to 15 min at 4°C. After washing with distilled water, the cells were stained with propidium iodide and visualized in a confocal laser scanning microscope. 150 to 200 individual cells were analyzed for each condition, using the ImageJ-plugin "Open Comet".
Mass spectrometry analysis. The protein spots were excised from the gel, reduced with 10 mM TCEP, alkylated with 20 mM iodoacetamide and cleaved with 0.1 µg porcine sequencing grade trypsin (Promega) in 25 mM ammonium bicarbonate (pH 8.0) at 37°C for 16h. The extracted peptides were analyzed by capillary liquid chromatography tandem mass spectrometry with an EASY-nLC 1000 using the two-column set up (Thermo Scientific). The peptides were loaded in 0.1% formic acid, 2% acetonitrile in water onto a peptide trap (Acclaim PepMap 100, 75um x 2cm, C18, 3um, 100Å) at a constant pressure of 600 bar.
Then they were separated, at a flow rate of 150 nl/min with a linear gradient of 2-6 % buffer B in buffer A in 3 minutes followed by an linear increase from 6 to 22 % in 40 minutes, 22-28 % in 9 min, 28-36 % in 8min, 36-80 % in 1 min and the column was finally washed for 12 min at 80% B (Buffer A: 0.1% formic acid, buffer B: 0.1% formic acid in acetonitrile) on a 50um x 15cm ES801 C18, 2um, 100Å column mounted on a DPV ion source (New Objective) connected to a Orbitrap Fusion (Thermo Scientific). The data were acquired using 120000 resolution for the peptide measurements in the Orbitrap and a top T (3s) method with a combination of consecutive CID and HCD fragmentation for each precursor and fragment measurement in the LTQ. Mascot Distiller 2.5 was used to combine the HCD and the CID spectra for individual precursors and MASCOT 2.5 searching swissprot version 2015_01 or a custom DB including the sequence GFP_B-Myb without the DBD domain was used to identify the phospho peptides. The enzyme specificity was set to trypsin allowing for up to three incomplete cleavage sites. Carbamidomethylation of cysteine (+57.0245) was set as a ScaffoldPTM (Proteome Software, Portland, USA). Peptide identifications were accepted if they could be established at greater than 50.0 % probability as specified by the Peptide Prophet algorithm (Keller et. al, 2002; Nesvizhskii et al., 2003) and phosphorylation sited were accepted if they had a greater than 80% site probability as calculated with ScaffoldPTM. Relative quantification of the peptides was done with Progenesis LC-MS (Nonlinear Dynamics). In vitro protein kinase assay. In vitro protein kinase assays using bacterially expressed GST-proteins were performed as follows. HA-tagged GSK3β was isolated by immunoprecipitation with anti-HA antibodies from QT6 cells transfected with an expression vector for HA-GSK3β. As control, an identical immunoprecipitation was performed with untransfected cells. Cells were lysed in ELB-buffer and immunoprecipitates were washed extensively with the same buffer. GST proteins were purified from bacterial extracts by binding to Glutathione sepharose beads, which were then mixed with protein-A sepharose beads carrying the immunoprecipitated HA-GSK3β and were incubated for 30 min at 37°C in kinase buffer (25 mM Tris-HCl, pH7.5, 10 mM MgCl 2 , 5 mM beta-Glycerophosphat, 2 mM DTT, 100 mM Na 3 VO 4 , 50 µM ATP) containing 4 µCi of γ-32 P-ATP per reaction (Hartmann
